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Abstract
BACKGROUND 
Cirrhosis results from persistent liver injury that leads to liver fibrosis. Immuno-
logical factors play important regulatory roles in the development and pro-
gression of cirrhosis. Bibliometrics is one of the most commonly used methods for 
systematic evaluation of a field of study. To date, there are no bibliometric studies 
on the role of immunological factors in cirrhosis.

AIM 
To provide a comprehensive overview of the knowledge structure and research 
hotspots of immunological factors in cirrhosis.

METHODS 
We retrieved publications related to immunological factors in cirrhosis between 
2003 to 2022 from the Web of Science Core Collection database on December 7, 
2022. The search strategy was TS = ((Liver Cirrhosis OR hepatic cirrhosis OR liver 
fibrosis) AND (Immunologic* Factor* OR Immune Factor* OR Immunomod-
ulator* OR Biological Response Modifier* OR Biomodulator*)). Only original 
articles and reviews were included. A total of 2873 publications were analyzed 
using indicators of publication and citation metrics, countries, institutes, authors, 
journals, references, and keywords by CiteSpace and VOSviewer.

RESULTS 
A total of 5104 authors from 1173 institutions across 51 countries published 2873 
papers on cirrhosis and immunological factors in 281 journals. In the past 20 
years, the increasing number of related annual publications and citations indicates 
that research on immunological factors in cirrhosis has become the focus of 
attention and has entered a period of accelerated development. The United States 
(781/27.18%), China (538/18.73%), and Germany (300/10.44%) were the leading 
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countries in this field. Most of the top 10 authors were from the United States (4) and Germany (3), 
with Gershwin ME contributing the most related articles (42). World Journal of Gastroenterology was 
the most productive journal, whereas Hepatology was the most co-cited journal. Current research 
hotspots regarding immunological factors in cirrhosis include fibrosis, cirrhosis, inflammation, 
liver fibrosis, expression, hepatocellular carcinoma, activation, primary biliary cirrhosis, disease, 
and hepatic stellate cells. Burst keywords (e.g., epidemiology, gut microbiota, and pathways) 
represent research frontiers that have attracted the interest of researchers in recent years.

CONCLUSION 
This bibliometric study comprehensively summarizes the research developments and directions of 
immunological factors in cirrhosis, providing new ideas for promoting scientific research and 
clinical applications.

Key Words: Immunological factors; Cirrhosis; CiteSpace; VOSviewer; Bibliometrics; Visualization
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Core Tip: Over the last 20 years, 5104 authors from 1173 institutions in 51 countries have published 2873 
papers on cirrhosis and immunological factors in 281 journals. Immune dysfunction, gut microbiota, 
epidemiology, mouse model, pathway, obesity, extracellular vesicles, bile acids, and the extracellular 
matrix are currently at the frontiers of research on immunological factors in cirrhosis. It is notable that in 
addition to focusing on basic research, we should also pay attention to the translation and application of 
the research results.
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INTRODUCTION
Hepatic cirrhosis is defined as extensive fibrosis, pseudolobules, and distortion of the hepatic vascular 
architecture due to various chronic liver diseases[1]. Patients with compensated cirrhosis are 
asymptomatic, whereas severely impaired liver function and portal hypertension are common in the 
decompensated stage. Patients with decompensated cirrhosis often have complications such as ascites, 
bleeding esophageal varices, hepatic encephalopathy, and hepatorenal syndrome, which may 
eventually progress to multi-organ failure and death. Cirrhosis has a diverse etiology and can be caused 
by chronic liver injury, progressing to inflammation and liver fibrosis with fibrous septa and 
regenerative nodules[2]. Subsequently, the liver structures may collapse, resulting in distortion of the 
liver parenchyma and vascular structures. Progressive fibrosis and cirrhosis subsequently lead to a 
decrease in the metabolic and synthetic functions of the liver, causing elevated bilirubin levels, 
decreased production of coagulation factors and thrombopoietins, splenic platelet retention, elevated 
portal vein pressure, and the development of ascites and esophageal varices[3]. Viral hepatitis [hepatitis 
B virus (HBV) infection and HCV infection], alcoholic and non-alcoholic fatty liver diseases are the most 
common identifiable causes[4].

Liver inflammation and immune responses are the key factors in the pathogenesis of cirrhosis. The 
immune system triggers inflammation during hepatic fibrosis and is involved in wound healing and 
tissue repair. Various cells in the liver, such as sinusoidal endothelial cells, intravascular liver-resident 
macrophages (Kupffer cells), and dendritic cells (DCs), are capable of antigen presentation and produce 
cytokines and chemokines[5]. Following liver injury, infiltrating immune cells promote the liver fibrosis 
cascade by secreting pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-α), 
interleukin-6 (IL-6), and chemokine 4 (CCL4). These cytoplasmic factors mediate interactions between 
immune cells and hepatic stellate cells (HSC), leading to HSC activation and fibroblast transdifferen-
tiation. Immune-related genes are vitally important in immune infiltration and response[6]. These 
results indicate that immunological factors play a complex and important role in cirrhosis, and analysis 
of the results obtained in this area can help us estimate the trends of cirrhosis-related immunological 
factors and guide experimental strategies and funding decisions.

Bibliometrics, which applies mathematical and statistical methods to the study of books and other 
media, is one of the most commonly used methods for the systematic evaluation of a field of study. It 
can be used not only for qualitative and quantitative analysis in research on countries, regions, 
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institutions, authors, co-cited authors, journals, references, and keywords, but also to describe and 
predict research hotspots and trends in specific fields[7]. Over the years, many scholars have applied 
bibliometric analyses to various fields of medicine, including cardiovascular diseases[8], respiratory 
diseases[9], obstetrical and gynecological diseases[10], psychiatric diseases[11], dermatological diseases
[12], and biologic signaling[13]. To the best of our knowledge, bibliometric analyses of immunological 
factors in non-small cell lung cancer[14], cardiovascular diseases[15], and cancer[16] have been 
conducted by related scholars. Recent studies have shown that immunomodulators are a promising 
treatment option for cirrhosis. Therefore, we performed a bibliometric study of immunological factors in 
cirrhosis based on published data using CiteSpace and VOSviewer, two commonly used scientometric 
software packages, to create knowledge maps and explore the evolution and development trends of 
hotspots in this field. Microsoft Office Excel 2019 was used to perform a quantitative analysis of the 
publications and citations.

MATERIALS AND METHODS
Data source and retrieval strategy
We used the Web of Science Core Collection (WoSCC) developed by Thomson Scientific to extract 
relevant literature on cirrhosis and immunological factors published between January 2003 and 
November 2022. To avoid citation fluctuations due to rapid updates, literature searches were conducted 
within 1 d (December 7, 2022). The search strategy was TS = ((Liver Cirrhosis OR hepatic cirrhosis OR 
liver fibrosis) AND (Immunologic* Factor* OR Immune Factor* OR Immunomodulator* OR Biological 
Response Modifier* OR Biomodulator*)). A total of 2896 publications was obtained. Among various 
publication types, only original articles and reviews were included. Finally, only 2873 publications that 
met the inclusion criteria were included in the bibliometric analyses. The detailed screening process is 
illustrated in Figure 1.

Data analysis and visualization
CiteSpace software was developed by Professor Chaomei Chen for bibliometric and visual analyses. 
Specifically, it explores collaborations, structures, hotspots, and frontiers in a research field and presents 
trends in a discipline or field of knowledge over time in a visual and intuitive form. Nodes with high 
centrality, highlighted by purple rings, are often considered hotspots or turning points in a research 
field. The thickness of the purple ring indicates the strength of its centrality; the thicker it is, the stronger 
its centrality[17]. Cluster analysis of keywords can be used to identify important regions of research on 
immunological factors in cirrhosis by classifying keywords. In addition, the variant word indicates a 
sudden growth of hotspots in the field and also shows the future trend of the topic[18]. A high mutation 
value indicated a large variation in size. Keywords and reference mutations can be used to identify new 
research trends in immunological factors associated with liver cirrhosis. Therefore, we used CiteSpace 
(version 6.1. R3) for the collaborative network analysis (country/region, institution, author, and 
journal), co-citation analysis (author, journal, and reference), dual mapping, and citation burst detection 
of references and keywords.

We constructed bibliometric maps using the VOSviewer software developed by Leiden University to 
obtain more comprehensive information about the results based on co-citation and co-occurrence. 
VOSviewer excels in map creation and presents bibliometric maps in different ways, including network, 
overlay, and density maps, each focusing on various aspects. The color of the nodes represents different 
times or clusters, the size of the nodes indicates the number of publications, and the thickness of the 
lines represents the strength of the relationship[19]. In our study, VOSviewer (version 1.6.18) performed 
the following analyses: Country and institution, authors, co-cited authors, and keywords.

RESULTS
Temporal distribution map of publications and citations
From 2003 to 2022, publications on immunological factors in cirrhosis included 1906 original articles and 
967 reviews, showing a constantly increasing trend (Figure 2). From 2003 to 2014, the number of annual 
publications in this field steadily increased. Annual publications started with over 100 and 182 articles 
published in 2010 (n = 118) and 2014, respectively. Annual publications fluctuated slightly between 2014 
and 2017 and gradually increased from 2018 to 2021. Subsequently, it increased significantly and peaked 
in 2021 (n = 294). The number of citations increased rapidly annually and exhibited a continuously 
rising trend. The upward trend in annual publications and citations indicates that research on immuno-
logical factors in cirrhosis has become a focus of attention and has entered a period of accelerated 
development.
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Figure 1  Flowchart of the screening process.

Figure 2  Temporal distribution map of publications and citations.

Publications were from 51 countries and 1173 institutions. As shown in Tables 1 and 2, we ranked the 
10 high-productivity countries/regions and institutions. The United States (781/27.18%), China (538/
18.73%), and Germany (300/10.44%) published the most articles, accounting for more than half of the 
total number of studies reported, indicating a high interest in studying immunological factors in 
cirrhosis. This was followed by Italy (259/9.01%) and Japan (192/6.68%). Subsequently, we constructed 
collaborative networks based on the publications and relationships in each country (Figure 3). It is 
noteworthy that there are many active collaborations among different countries (Figure 3A). For 
example, the United States has actively cooperated with China, Italy, Germany, England, Japan, France, 
and Australia; China has collaborated closely with the United States, Japan, Germany, Italy, England, 
Canada, and Australia; and Germany has collaborated with the United States, Switzerland, France, the 
Netherlands, Australia, China, and Spain. The top 10 institutions are distributed across five countries, 
with half in the United States. The University of California, Davis (65, 2.26%) led the publications, 
followed by the Mayo Medical Center (47, 1.64%) and Zhejiang University (44, 1.53%). We also observed 
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Table 1 Publications in the 10 most productive countries/regions

Rank Country/region Year Count (%) Centrality

1 United States 2003 781 (27.18%) 0.36

2 China 2003 538 (18.73%) 0.06

3 Germany 2003 300 (10.44%) 0.17

4 Italy 2003 259 (9.01%) 0.19

5 Japan 2003 192 (6.68%) 0.03

6 England 2003 186 (6.47%) 0.20

7 Spain 2003 157 (5.46%) 0.09

8 France 2003 132 (4.59%) 0.17

9 Australia 2004 85 (2.96%) 0.12

10 Canada 2003 84 (2.92%) 0.12

Table 2 Publications in the 10 most productive institutions

Rank Institution Year Count (%) Centrality

1 Univ Calif Davis (United States) 2004 65 (2.26%) 0.12

2 Mayo Clin (United States) 2007 47 (1.64%) 0.02

3 Zhejiang Univ (China) 2011 44 (1.53%) 0.01

4 Univ Birmingham (England) 2009 38 (1.32%) 0.04

5 Univ Calif San Diego (United States) 2009 28 (0.97%) 0.07

6 Yale Univ (United States) 2007 26 (0.90%) 0.06

7 Inst Salud Carlos III (Spain) 2008 25 (0.87%) 0.06

8 Univ Milan (Italy) 2004 24 (0.84%) 0.06

9 Univ Barcelona (Spain) 2003 23 (0.80%) 0.03

10 Emory Univ (United States) 2006 23 (0.80%) 0.05

a network diagram of institutional collaboration in research on immunological factors in cirrhosis 
(Figure 4A). The figure shows a very close cooperation among the University of California, Davis, 
University of Milan, Monash University, Emory University, and Mayo Clinic, and a more active collab-
oration between Zhejiang University, Emory University, and the University of Science and Technology 
of China. In addition, several countries and affiliations, including the United States (0.36), England 
(0.20), Italy (0.19), Germany (0.17), France (0.17), Canada (0.12), Australia (0.12), Egypt (0.11), and the 
University of California, Davis (0.12) showed high centrality, circled in purple in Figure 3B and 
Figure 4B, respectively. An article with high centrality could be a transformative discovery. These 
findings suggest that these countries and institutions play key roles in the study of immunological 
factors associated with cirrhosis. Notably, despite their high volume of publications, China and Japan 
might not provide scientists with the same level of novel insights compared to countries with high 
centrality.

Analysis of authors and co-cited authors
A total of 5104 authors participated in the study on the immunological factors associated with cirrhosis. 
The top 10 high-producing authors are listed in Table 3. As shown in Figure 5A, a larger font size and 
higher yellow opacity indicate more publications. Gershwin ME from the University of California Davis 
was the most productive author, with 42 publications, followed by Tacke et al[20] (n = 27) and 
Trautwein et al[21] (n = 20) from the University Hospital Aachen. Most of the top 10 authors were from 
the United States (4), and Germany (3). As shown in Figure 5B, there are collaborations between 
different authors; however, it is noteworthy that the centrality is low (≤ 0.02), which means that various 
authors have little influence on each other’s research. All the top 10 co-cited authors had more than 100 
co-citations (Table 3). As shown in Figure 6A, a larger font size and a higher yellow opacity imply a 
higher citation frequency. Friedman, from the Icahn School of Medicine, had the highest number of co-
citations (n = 337). The next most cited were Bataller (n = 235) from Pittsburgh Liver Research and Seki (
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Table 3 Top 10 authors and co-cited authors

Rank Author Count (%) Centrality Co-cited author Co-citation Centrality

1 Gershwin M Eric (United States) 42 (1.46%) 0.02 Friedman Scott L (United States) 337 0.05

2 Tacke Frank (Germany) 27 (0.94%) 0.01 Bataller Ramon (United States) 235 0.06

3 Trautwein Christian (Germany) 20 (0.70%) 0.01 Seki Ekihiro (United States) 204 0.05

4 Weiskirchen Ralf (Germany) 13 (0.45%) 0 Tilg Herbert (Austria) 141 0.07

5 Hirschfield Gideon M (Canada) 11 (0.38%) 0.01 Wynn Tomas A (United States) 140 0.02

6 Friedman Scott L (United States) 9 (0.31%) 0 Albillos Agustín (Spain) 128 0.01

7 Such Jose (Spain) 9 (0.31%) 0 Szabo Gyongyi (United States) 126 0.04

8 Szabo Gyongyi (United States) 8 (0.28%) 0 Gao Bin (United States) 125 0.08

9 Invernizzi Pietro (Italy) 8 (0.28%) 0 Hirschfield Gideon M (Canada) 120 0.09

10 Czaja Albert J (United States) 8 (0.28%) 0 Li J (China) 116 0.02

n = 204) from the Cedars-Sinai Medical Center. More than half (n = 6) of the top 10 co-cited authors were 
from the United States. As shown in Figure 6B, there was active cooperation between the different 
authors.

Analysis of journals and co-cited journals
The most influential journals on research on immunological factors in cirrhosis are listed in Table 4. A 
total of 2873 articles were published in 281 journals. The World Journal of Gastroenterology was the most 
frequently published journal (n = 113), followed by Hepatology (n = 109) and Frontiers in Immunology (n = 
73). Among the top 10 journals, six belonged to Journal Citation Reports (JCR) Q1, and eight had impact 
factors (IF) of > 5. Among the co-cited journals, 12 had > 1000 citations. Hepatology was ranked first with 
2409 citations, followed by the Journal of Hepatology (2124 citations) and Gastroenterology (1988 citations). 
Eight of the top 10 co-cited journals belonged to JCR Q1, and eight journals had IF > 10, including two 
journals with IF above 100. We analyzed the published and co-cited journals using a journal dual-map 
overlay, as shown in Figure 7. The cited and co-cited journals are located on the left and right sides of 
the graph, respectively. Different colored paths indicate the cited relationships. We identified two 
orange and green citation paths. Studies published in the Molecular/Biology/Clinics and Health/
Nursing/Medicine journals were mainly cited in the Molecular/Biology/Immunology and Medicine/
Medical/Clinical journals.

Analysis of co-cited references and reference bursts
The top 10 co-cited references are listed in Table 5, all of which were co-cited at least 31 times. A 
reference co-citation network was mapped (Figure 8A). The link between two nodes implies that they 
are cited in a publication. The node size indicates the co-citations of the references. A node with a purple 
ring represents a higher centrality. The article with the most co-citations was by Tsuchida et al[22], 
which revealed that HSC activation is regulated by multiple mechanisms, including autophagy, 
endoplasmic reticulum stress, oxidative stress, retinol and cholesterol metabolism, epigenetic and 
receptor-mediated signaling, and extracellular signals from resident and inflammatory cells, which play 
an essential role in the development of liver fibrosis. The second study, published by Albillos et al[23] in 
2014, revealed that immunodeficiency in cirrhosis is induced by local immune surveillance, functional 
impairment of the liver, reduction of pattern recognition receptors, and damage at the systemic level of 
immune response cell function. The third article[24] published in the Journal of Hepatology by the 
European Association for the Study of the Liver, provided validated recommendations for the optimal 
management of HBV infection. Among the top 10 articles, research by Heymann et al[5] possessed a 
high centrality (0.14), indicating that the article is influential. It illustrated that the liver can rapidly 
activate immunity, and the final outcome of the intrahepatic immune response depends on the 
functional versatility of macrophages and DCs and the balance between the pro- and anti-inflammatory 
T cell populations. CiteSpace provides citation bursts that imply significant changes in reference 
citations over time. References with citation bursts have frequently been cited by researchers in recent 
years to represent emerging topics in specific research field[25]. Figure 8B shows the 25 most cited 
references with the strongest bursts. The most-cited study was by Albillos et al[23], with a strength of 
18.92. Tsuchida et al[22] also reported a large burst. These are representative articles on the immuno-
logical factors involved in cirrhosis.

Analysis of research hotspots and frontiers
As shown in Table 6, the most frequently cited keywords for immunological factors in cirrhosis in the 
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Table 4 Top 10 journals and co-cited journals for research of immunological factors in cirrhosis

Rank Journal Count 
(%)

IF 
(2021) JCR Co-cited Journal Citation IF 

(2021) JCR

1 World Journal of Gastroenterology 113 
(3.928%)

5.374 Q2 Hepatology 2409 17.298 Q1

2 Hepatology 109 
(3.790%)

17.298 Q1 Journal of Hepatology 2124 30.083 Q1

3 Frontiers in immunology 73 
(2.540%)

8.786 Q1 Gastroenterology 1988 33.883 Q1

4 Journal of Hepatology 70 
(2.430%)

30.083 Q1 Gut 1369 31.793 Q1

5 Liver International 59 
(2.050%)

8.754 Q1 Journal Of Clinical Investigation 1301 19.456 Q1

6 PLoS One 57 
(1.980%)

3.752 Q2 Journal Of Immunology 1280 5.426 Q2

7 International Journal of Molecular 
Sciences

46 
(1.600%)

6.208 Q1 The New England Journal of Medicine 1240 176.079 Q1

8 Gastroenterology 35 
(1.220%)

33.883 Q1 Proceedings of the National Academy of Sciences of the 
United States of America

1221 12.779 Q1

9 Seminars in Liver Disease 32 
(1.110%)

6.512 Q2 PLoS One 1183 3.752 Q2

10 Hepatology Research 30 
(1.040%)

4.942 Q2 Lancet 1153 202.731 Q1

IF: Impact factors; JCR: Journal Citation Reports.

Table 5 Top 10 co-cited references on research of immunological factors in cirrhosis

Rank Reference Year Journal Citation Centrality

1 Mechanisms of hepatic stellate cell activation 2017 Nature Reviews Gastroen-
terology & Hepatology

50 0.03

2 Cirrhosis-associated immune dysfunction: Distinctive features and clinical relevance 2014 Journal of Hepatology 46 0.02

3 EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus 
infection

2017 Journal of Hepatology 35 0.03

4 Acute-on-chronic liver failure is a distinct syndrome that develops in patients with 
acute decompensation of cirrhosis

2013 Gastroenterology 35 0.03

5 Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries

2018 CA: A Cancer Journal for 
Clinicians

33 0.02

6 Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): 
An open-label, non-comparative, phase 1/2 dose escalation and expansion trial

2017 Lancet 33 0.04

7 Immunology in the liver-from homeostasis to disease 2016 Nature Reviews Gastroen-
terology & Hepatology

32 0.14

8 Systemic inflammation in decompensated cirrhosis: Characterization and role in 
acute-on-chronic liver failure

2016 Hepatology 31 0.07

9 Primary biliary cirrhosis associated with HLA, IL12A, and IL12RB2 variants 2009 The New England Journal of 
Medicine

31 0.02

10 TLR4 enhances TGF-beta signaling and hepatic fibrosis 2007 Nature Medicine 31 0.06

last 20 years were fibrosis (428), cirrhosis (423), inflammation (384), liver fibrosis (381), expression (340), 
hepatocellular carcinoma (HCC) (309), activation (234), primary biliary cirrhosis (PBC) (232), disease 
(231), and HSC (228). These keywords reflect the research hotspots in this field. Among the 10689 
keywords, the minimum number of repetitions was set to 20 and 288 eligible keywords were selected 
for VOSviewer visualization and analysis (Figure 9). The keyword clusters describe the internal 
knowledge structure of the research field[7]. The immunological factors associated with cirrhosis were 
divided into five clusters (Figure 9A). Cluster 1 (red) focused on the progression and treatment 
strategies for cirrhosis. Cluster 2 (green) includes the mechanisms and primary immune cells involved 
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Table 6 Top 20 keywords on research of immunological factors in cirrhosis

Rank Keyword Occurrences Total link strength Rank Keyword Occurrences Total link strength

1 Fibrosis 428 2558 11 Liver 225 1276

2 Cirrhosis 423 2483 12 Risk factors 221 1200

3 Inflammation 384 2438 13 Infection 184 1123

4 Liver fibrosis 381 2290 14 Necrosis factor alpha 160 1001

5 Expression 340 1884 15 T cells 155 923

6 Hepatocellular carcinoma 309 1895 16 Cells 143 770

7 Activation 234 1421 17 Regulatory t cells 140 863

8 Primary biliary cirrhosis 232 1268 18 Liver cirrhosis 133 770

9 Disease 231 1355 19 Growth factor beta 130 834

10 Hepatic stellate cells 228 1525 20 Oxidative stress 129 836

in cirrhosis. Cluster 3 (blue) mainly focused on the diagnosis and prognosis of cirrhosis. Cluster 4 
(yellow) centered on the pathological mechanisms of immune inflammation. Cluster 5 (purple) mainly 
consisted of various chronic liver diseases that cause liver injury. Figure 9B shows the co-occurrence of 
keywords by the average publication year (APY). Circles in different colors indicate the APY of the 
study, and those closer to yellow represent more recent years. Therefore, changes in research hotspots 
during a given period can be observed directly. The most recent keywords were extracellular vesicles 
(EVs) (cluster 2, APY: 2019.55), followed by tumor microenvironment (cluster 2, APY: 2019.43), PBC 
(cluster 5, APY: 2019.33), nafld (cluster 4, APY: 2019.19), and gut microbiota (cluster 4, APY: 2019.17). 
This indicates that EVs, the tumor microenvironment, PBC, nonalcoholic fatty liver disease, and gut 
microbiota have interested researchers. Additionally, we used CiteSpace for keyword–citation burst 
detection. There are 25 keywords had strong bursts, as shown in Figure 9C. Human immunodeficiency 
virus ranked first, with the strongest burst (strength = 11.59). Immune dysfunction, gut microbiota, 
epidemiology, mouse models, pathways, obesity, EVs, bile acids, and the extracellular matrix (ECM) are 
the current research frontiers of immunological factors in cirrhosis and have been in an explosive 
period.

DISCUSSION
General information
According to the WoSCC database, as of December 7, 2022, 5104 authors from 1173 institutions in 51 
countries have published 2873 papers on cirrhosis and immunological factors in 281 journals. Our study 
analyzed the literature on immunological factors in cirrhosis using CiteSpace and VOSviewer to review 
research results and progress. Basic information, including annual publications, countries, institutions, 
authors, journals, references, and keywords, was quantitatively analyzed. There is a gradual increase in 
publications and citations on the immunological factors of cirrhosis. More citations of a paper indicate 
higher quality and greater impact. The number of citations in the field has increased annually, with an 
accelerating trend in the later half of the period reflecting the speed and progress of the research field. 
This indicates that research in this field has been in an explosive period, with increasing attention from 
scholars.

The United States, China, and Germany are the main countries that have studied the immunological 
factors associated with cirrhosis. Japan, Australia, France, and United States have relatively well-
researched studies on immunological factors in cirrhosis. Of the top 10 institutions, five are in the 
United States, two in Spain, and one each in China, England, and Italy. Davis University of California 
has the most publications in this field. Close collaboration between countries and institutions helps to 
overcome scientific difficulties and promote research on immunological factors in cirrhosis.

Gershwin ME from the United States published the most articles (42, 1.46%), followed by Tacke et al
[20] (27, 0.94%) and Trautwein et al[21] (20, 0.70%) from Germany. These three authors have made 
outstanding contributions to the field of immunological factors in cirrhosis. Gershwin explained the 
immune response mechanisms in the liver[26] and elucidated the regulatory mechanisms of liver 
fibrosis from an immunological perspective[27,28]. They then explored the relationship between the gut 
microbiota and autoimmune liver disease and concluded that the gut-liver axis involves multiple 
inflammatory cell types, cytokines, chemokines, and other molecules that lead to the disruption of 
normal liver structure[29]. Tacke et al[20] researched the role of macrophages in liver fibrosis, the 
polarization and function of which can be further determined by specific environmental signals, 
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Figure 3 Cooperation map of countries/regions in immunological factors in cirrhosis. A: A visual map for VOSviewer network; B: A visual map for 
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CiteSpace network. The size of the node reflects the frequencies, and the links indicate the collaboration relationships. The outermost purple ring represents the 
centrality level, and the nodes with high centrality are considered to be the key points in the research field.

Figure 4 Cooperation map of institutions in immunological factors in cirrhosis. A: A visual map for VOSviewer network; B: A visual map for 
CiteSpace network.
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Figure 5 The visualization of authors. A: A density map; B: A cooperation map.

presenting with tissue recovery following liver injury or infection, or the progression of liver disease, 
conversely[30]. They found that infiltrating Ly-6C+ MoMFs are associated with chronic inflammation 
and fibrosis[20]. They considered hepatic macrophages to be effective therapeutic targets and searched 
for new treatments[31]. Two study elaborated on the importance of chemokines in liver diseases and 
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Figure 6 The visualization of co-cited authors. A: A density map; B: A cooperation map.

highlighted their potential to intervene in inflammation and fibrosis[32,33]. They proposed that 
canicriviroc treatment significantly reduced hepatic Ly-6C+ MoMF recruitment, confirming its 
therapeutic potential in patients with nonalcoholic steatohepatitis (NASH)[34]. They also found that 
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Figure 7  The dual-map overlay of journals in immunological factors in cirrhosis.

NOD-like receptor protein 3 activation was relevant to disease activity in patients with PBC[35].
Of the top 10 journals, six were in the Q1 JCR division and eight in the IF > 5. Most studies on 

immunological factors in cirrhosis were published in the World Journal of Gastroenterology (113, IF = 
5.374, Q2), followed by Hepatology (109, IF = 17.298, Q1), and Frontiers in Immunology (73, IF = 8.786, Q1). 
These journals are the most popular in this research field. Eight of the top 10 co-cited journals were 
located in the Q1 JCR division, and eight had IF above 10, including two journals with IF above 100. The 
top three co-cited journals were Hepatology (2409, IF = 17.298, Q1), Journal of Hepatology (2124, IF = 30.083, 
Q1), and Gastroenterology (1988, IF = 33.883, Q1). These findings indicate that many high-quality and 
influential journals are interested in studying cirrhosis and its immunological factors. Figure 7 reveals 
that papers published in molecular, biology, clinical, health, nursing, and medicine journals are mainly 
cited in Molecular, Biology, Immunology, and Medicine, Medical, Clinical journals. This implies that 
current research on cirrhosis and immunological factors is mainly focused on basic research and transla-
tional medicine.

Knowledge base
We can observe the research base in the field of immunological factors in liver cirrhosis by analyzing the 
co-cited references. The most co-cited was “Mechanisms of hepatic stellate cell activation” published in 
Nature Reviews Gastroenterology & Hepatology by Tsuchida et al[22] in 2017, followed by “Cirrhosis-
associated immune dysfunction: Distinctive features and clinical relevance” by Albillos et al[23], and 
“EASL 2017 Clinical Practice Guidelines on the management of HBV infection” by European 
Association for the Study of the Liver. The top 10 co-cited references were all cited 30 times at least, 
mainly involving the immunoinflammatory mechanisms of cirrhosis and liver fibrosis. Liver fibrosis is a 
dynamic process caused by chronic liver injury. The inflammatory response in the liver is initiated by 
danger-associated molecular patterns, Toll-like receptors (TLRs) signaling, or inflammatory vesicle 
activation[5]. HSC activation is the central driver of liver fibrosis[22]. The activation of hepatic 
macrophages (Kupffer cells) and resident mast cells promotes tissue injury by producing pro-inflam-
matory and vascular-permeable mediators, which induce the accumulation of neutrophils, lymphocytes, 
eosinophils, and monocytes in the liver[36]. Systemic inflammation, the main driver of acute-on-chronic 
liver failure (ACLF), affects the function of somatic tissues and alters the clinical manifestations of 
cirrhosis[37]. The immune response pattern changes from a proinflammatory phenotype in patients 
with stable decompensated cirrhosis to an immunodeficient phenotype in patients with severely 
decompensated cirrhosis and extrahepatic organ failure[23].

Hotspots and frontiers
In the study of immunological factors in cirrhosis, high-frequency keywords were mainly fibrosis (428), 
cirrhosis (423), inflammation (384), liver fibrosis (381), expression (340), HCC (309), activation (234), PBC 
(232), disease (231), and HSC (228), which are the hot topics of research in this field. Systemic inflam-
mation is a crucial mechanism in the progression of cirrhosis to the decompensated stage and is a 
common pathophysiological mechanism underlying the clinical features of acutely decompensated 
cirrhosis, such as ascites, encephalopathy, gastrointestinal bleeding, bacterial infection, and extrahepatic 
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Figure 8 Analysis of references in immunological factors in cirrhosis. A: References co-citation network; B: Top 25 references with strong citation 
bursts. A red bar indicates high citations in that year.

organ failure[38]. IL-6, TNF-α, and transforming growth factor beta (TGF-β) are key pro-inflammatory 
and pro-fibrotic cytokines that drive liver fibrosis[39]. A recent study found that under pathological 
conditions, TGF-β overexpression leads to epithelial mesenchymal-mesenchymal transition, ECM 
deposition, and cancer-associated fibroblast formation, resulting in fibrotic disease and cancer[40]. 
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Figure 9 Analysis of Keywords in immunological factors in cirrhosis. A: The cluster of keywords; B: Keyword co-occurrence network. Keywords in 
yellow appeared later than that in blue; C: Top 25 keywords with the strongest citation bursts.

Toxins such as alcohol, steatosis, or viral infection can trigger inflammation, and the inflammatory 
cytokine IL-17 drives HSC and Kupffer cells to produce pro-fibrotic IL-6, TNF-α, and TGF-β[41]. A 
previous study[42] demonstrated that albumin binds and activates many inflammatory promoters in 
decompensated cirrhosis and that high doses of albumin have significant immunomodulatory effects. 
However, the anti-inflammatory effects of albumin in cirrhosis require further investigation. This 
evidence suggests the potential value of anti-inflammatory agents in the treatment of cirrhosis. Approx-
imately 90% of HCC cases occur in a cirrhotic setting, but less than 5% of patients progress to HCC each 
year[43]. Cancer-associated fibroblasts, which may originate from HSC, are critical for hepatocarcino-
genesis. After being activated to become myofibroblasts producing the ECM, they can interact with 
cancer cells, contributing to the growth and invasion of HCC[44]. PBC is characterized by a loss of 
immune tolerance in biliary epithelial cells, and the interdependence of biliary tract injury, cholestasis, 
and progressive hepatic fibrosis has become a major disease worldwide[45]. PBC is considered an 
autoimmune disease with a specific autoantibody, antimitochondrial antibody, and the establishment of 
ursodeoxycholic acid as a first-line therapeutic agent has significantly reduced disease progression in 
cirrhosis[46]. In patients with PBC who did not respond adequately to ursodeoxycholic acid alone, 
besides ursodeoxycholic acid, we also treated them with bezafibrate; however, its effect on liver 
transplantation and death needs to be clarified by further studies[47]. Liver fibrosis is an advanced stage 
of chronic liver disease that develops from a variety of diseases, such as chronic hepatitis virus infection 
(HBV and HCV), NASH, PBC, primary sclerosing vasculitis, autoimmune hepatitis, Wilson’s disease, 
and hemochromatosis[48]. Researches on the pathogenesis and targeted agent of PBC have excited 
particular concern in recent years[49,50]. The crucial role and activation mechanisms of HSC in cirrhosis 
have been extensively elaborated in detail[22,51,52]. Paracrine signals from damaged epithelial cells, 
fibrotic microenvironment, dysregulation of immune and systemic metabolism, dysregulated intestinal 
microecology, and hepatitis virus products can directly or indirectly activate HSC[51]. The clearance of 
HSC, including apoptosis, senescence, and return to an inactivated state, has been fully elucidated[22]. 
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In conclusion, these findings reveal the remarkable complexity and plasticity of HSC activation. The 
modulation of HSC provides vital value for developing therapeutic strategies for cirrhosis.

The keywords that have exploded in recent years are immune dysfunction, gut microbiota, 
epidemiology, mouse models, pathways, obesity, EVs, bile acid, and ECM, representing the current 
frontiers of research on immunological factors in cirrhosis. In hepatic fibrosis, the immune system is 
involved in wound healing and tissue repair by triggering inflammation. Immune cells regulate the 
progression and regression of liver fibrosis. Various immune cells participate in the regulation of liver 
fibrosis, including innate immune cells (monocytes, macrophages, and DCs), adaptive immune cells (T 
cells and B cells), and various cytokines. Following liver injury, infiltrating immune cells are recruited to 
the site of the injured hepatocytes and participate in the liver fibrosis cascade by secreting proinflam-
matory cytokines such as TNF-α, IL-6, and CCL4[39]. As the first line of defense against pathogens, 
Kupffer cells are activated by LPS, the complement system, and other pathogen-associated molecular 
patterns via the expression of TLRs, including TLR2, TLR3, and TLR4, to recognize microbial antigens 
and signals from damaged hepatocytes. Cytoplasmic division generated by Kupffer cells in response to 
TLR signaling subsequently recruits and activates neutrophils[6]. DCs present antigens, control 
subsequent T cell differentiation, and regulate T cell responses[53]. Systemic inflammation and 
immunodeficiency have been identified as two critical factors in cirrhosis-associated immune 
dysfunction, with the most severe immune changes being more common in ACLF[54]. The 
pathophysiology of ACLF involves persistent inflammation, immune dysregulation, systemic inflam-
matory response syndrome, and subsequent sepsis due to immune paralysis[55,56]. Two main types of 
systemic immune alterations are typical in cirrhosis: On the one hand, cirrhosis-associated immune 
dysfunction results in immunodeficiency; on the other hand, persistent under-stimulation of immune 
cells leads to systemic inflammation[53]. Immunodeficiency in cirrhosis results from the structural 
distortion of the liver parenchyma and functional impairment of circulating immune cells. It can 
increase the risk of bacterial infection at any stage of liver disease and may lead to acute 
decompensation and acute or chronic liver failure, which are associated with high short-term mortality
[36,37]. Inflammatory factors play an essential role in immune regulation. Further regulation of relevant 
immune cells and cytokines to control inflammation and block critical targets of the immune-inflam-
matory response can delay and inhibit the onset and progression of cirrhosis. Gut microbiota is involved 
in maintaining the balance of the immune system and preventing autoimmunity[57]. In chronic liver 
disease, the adhesion of pathogenic bacteria to mucosal surfaces and barrier damage are central to the 
initiation of mucosal immunity[58]. Microbial products (especially LPSs), as pathogen-associated 
molecular patterns, can be transferred from the gut to the liver, bind to TLR, activate Kupffer cells, 
stimulate immune responses, and produce inflammatory cytokines (e.g., IL-1β and TNF) and reactive 
oxygen species[57,59]. The gut microbiota can lead to systemic inflammation either directly through 
translocation or indirectly through its metabolic pathways, resulting in the progression of de-
compensated cirrhosis and ACLF[60]. Thus, regulation of the gut microbiome contributes to the 
development of cirrhosis[57]. Summarizing the epidemiological features of cirrhosis will be beneficial 
for providing clinical guidance and assistance. Globally, approximately 1 million people die annually 
from cirrhosis, the 11th most common cause of death, which is widely prevalent in low-, middle-, and 
high-income countries and is associated with high morbidity and mortality[1]. In 2019, an estimated 
25% of global deaths from cirrhosis were alcohol-related[61]. Epidemiology-related recognition remains 
a hot topic and a frontier for future research. Various mouse models of liver fibrosis are often used in 
cirrhosis research, and the most commonly used are the toxic, biliary, and metabolic liver fibrosis 
models[62,63]. Recent studies on the mechanisms and pathways involved in hepatic fibrosis and 
cirrhosis have yielded promising results. The study of related pathways may shed light on the 
regulation of liver fibrosis and potential targets for therapy. For example, TGF-βpromotes liver fibrosis 
by activating Sma- and Mad-associated protein 3, intracellular IL-37 downregulates liver inflammation 
and fibrosis by interacting with Smad3[64], and curcumin inhibits liver fibrosis by activating autophagy 
to suppress TGF-β/Smad signaling, thereby inhibiting epithelial-mesenchymal transition and ECM 
production[65]. A study by Kong et al[66] showed that ferritin phagocytosis-mediated iron sagging in 
HSC is responsible for the antifibrotic effect induced by artesunate, which provides new clues for 
further pharmacological studies of artesunate. Zhang et al[67] found that melanoma differentiation-
associated gene 5 effectively inhibits hepatic lipid accumulation and metabolic disorders by blocking the 
N-terminal dimerization of apoptosis signal-regulating kinase 1. Regardless of the etiology of the 
disease, obesity is an independent risk factor for hepatic decompensation[68]. Statistically, 20% of 
patients with NASH progress to cirrhosis and have an increased risk of developing HCC[69]. Dyslip-
idemia significantly contributes to cardiovascular-related mortality and morbidity in patients with 
NASH. Efluxifermin has been shown to remarkably reduce hepatic lipids and is usually safe and 
tolerated in patients with NASH (F1-F3) fibrosis, suggesting that efluxifermin may alter the progression 
of NASH[70]. However, further studies are required to investigate the specific mechanisms and effects. 
Numerous studies have been conducted on the potential role of EVs as biomarkers of liver diseases. EVs 
are significantly involved in intercellular communication by delivering different cargo and acting as 
vital cell-derived particles in the progression of liver injury and fibrosis, helping predict complications 
and mortality, detect early HCC, and predict the outcome of acute liver failure[71]. In the treatment of 
cirrhosis, EVs play a crucial role in anti-inflammatory mechanisms. For example, lipotoxic EVs mediate 
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the adhesion of monocytes to liver sinusoidal endothelial cells mainly through an ITGβ1-dependent 
mechanism, and ITGβ1 exhibits an inflammatory inhibitory effect in a mouse model of NASH; however, 
further studies are needed to determine whether a similar therapeutic effect exists in human patients
[62]. Gao et al[72] demonstrated that Src-homology 2 domain protein phosphatase 2 in HSC promotes 
the release of fibrotic EVs by inhibiting autophagy and Rho-associated protein kinase 1, and activating 
the mammalian target of the rapamycin pathway, which provides a new idea for a new target for liver 
fibrosis treatment. However, the exact mechanism of action of the autophagy-dependent EVs requires 
further investigation. A previous study[73] found that EVs released from a stem cell-like population 
derived from the human adult liver demonstrated antifibrotic and anti-inflammatory effects in an 
immunocompromised NASH mouse model, providing new clues for the treatment of cirrhosis. The role 
of bile acids in hepatic cirrhosis is receiving increasing attention. Bile acids can alter the microbiome and 
liver regeneration, and chronic cholestasis in PBC caused by the bile acid-affected microbiome can 
reversely lead to liver injury, creating a vicious cycle of chronic liver injury[46]. It was reported that 
cholesterol ameliorates bile acid toxicity in mouse models of NASH and fibrosis by inducing Nrf-2 and 
HIF-1α-dependent hepatocyte proliferation and liver regeneration[63]. One study[74] found that 
antagonizing TGR5 or inhibiting ERK1/2 and p38MAPK signaling may contribute to the prevention or 
reversal of liver fibrosis by reducing the hepatic concentrations of conjugated 12α-OH-bile acids. Salhab 
et al[75] found that the sodium+/taurocholate co-transporting polypeptide is a membrane transporter 
protein that affects the enterohepatic circulation of bile acids and that sodium+/taurocholate co-
transporting polypeptide blockers can prevent the development of hepatic fibrosis. These findings 
provide further directions for specific targeted therapies for cirrhosis. The role of bile acids in the 
pathogenesis of cirrhosis is extremely complex and influenced by many mechanisms of interaction. 
Substantial research is required to determine their specific roles. ECM has also been one of the 
keywords of the outbreak in recent years. Liver fibrosis and cirrhosis are characterized by the abnormal 
deposition of ECM proteins. Alterations in ECM composition are critical for tissue repair, remodeling, 
and cellular responses to fibrosis[76]. A previous study[77] reported that surface-active vesicle-based 
ECM therapeutics can also treat liver fibrosis. Studying the interactions between fibroblasts, ECM, and 
inflammation may provide new avenues for identifying new therapeutic targets for cirrhosis[78]. To 
date, it is not fully understood how the ECM is dynamically remodeled during the development of 
cirrhosis, and whether ECM signaling has a predictive value for the prognosis of early cirrhosis still 
needs to be studied on a large scale[79].

Advantages and shortcomings
Based on bibliometric analysis and literature visualization, the hotspots, evolutionary processes, and 
developmental trends of research on immunological factors in cirrhosis are presented visually, 
providing further insight into the current status and future perspectives compared to traditional 
reviews. Meanwhile, VOSviewer and CiteSpace have been used extensively for bibliometric analyses; 
therefore, our data analysis process was relatively objective and reliable. However, this study had some 
limitations. First, we retrieved publications and data from WoSCC; despite our efforts to obtain the most 
comprehensive literature, some articles were not included in the analysis, which may have led to bias. 
Second, owing to the time lag, some newly published high-quality papers did not receive sufficient 
citations and therefore could not be included in the analysis.

CONCLUSION
Immunological factors associated with cirrhosis have important research and application prospects. 
With the rapid increase in the number of studies, the study of immunological factors in cirrhosis has 
attracted great interest from researchers worldwide. The United States and China are the leading 
countries, and there is close cooperation between various countries and institutions. Current research 
hotspots regarding immunological factors in cirrhosis include fibrosis, cirrhosis, inflammation, liver 
fibrosis, expression, HCC, activation, PBC, disease, and HSCs. Immune dysfunction, gut microbiota, 
epidemiology, mouse model, pathway, obesity, EVs, bile acids, and the ECM are currently at the frontier 
of research on immunological factors in cirrhosis. It is notable that in addition to focusing on basic 
research, we should also pay attention to the translation and application of the research results.

ARTICLE HIGHLIGHTS
Research background
Cirrhosis is deemed a systemic disease associated with the immune system resulting from a persistent 
liver injury leading to liver fibrosis. Immunological factors play important regulatory roles in the 
development and progression of cirrhosis.
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Research motivation
Bibliometrics is one of the most used methods for the systematic evaluation of a field of study. To date, 
no bibliometric studies have been conducted on the role of immunological factors in cirrhosis. A 
statistical analysis conducted by a bibliometric method may provide a more comprehensive 
understanding and assessment of the hot spots and trends in research on immunological factors in 
cirrhosis disease.

Research objectives
To provide a comprehensive overview of the knowledge structure and research hotspots of immuno-
logical factors in cirrhosis, which can help scholars quickly understand the research status and provide 
new ideas and directions for studying immunological factors in cirrhosis.

Research methods
We retrieved publications related to immunological factors in cirrhosis between 2003 to 2022 from the 
Web of Science Core Collection (WoSCC) database on December 7, 2022. The search strategy was TS = 
((Liver Cirrhosis OR hepatic cirrhosis OR liver fibrosis) AND (Immunologic* Factor* OR Immune 
Factor* OR Immunomodulator* OR Biological Response Modifier* OR Biomodulator*)). Only original 
articles and reviews were included. A total of 2873 publications were analyzed using indicators of 
publication and citation metrics, countries, institutes, authors, journals, references, and keywords by 
CiteSpace and VOSviewer.

Research results
A total of 5104 authors from 1173 institutions across 51 countries published 2873 papers on cirrhosis and 
immunological factors in 281 journals. In this article, we explored and analyzed research in this field 
according to country, journal, author, and other relevant factors. Current research hotspots in this field 
include fibrosis, cirrhosis, inflammation, liver fibrosis, expression, hepatocellular carcinoma, activation, 
primary biliary cirrhosis, disease, and hepatic stellate cells. Burst keywords (e.g., epidemiology, gut 
microbiota, and pathways) represent research frontiers that have attracted the interest of researchers in 
recent years.

Research conclusions
We used bibliometrics, a relatively new literature research method, to analyze the knowledge structure 
and hotspots of research in the field, providing new ideas for promoting scientific research and clinical 
applications.

Research perspectives
Burst keywords, including immune dysfunction, gut microbiota, epidemiology, mouse models, 
pathways, obesity, extracellular vesicles, bile acids, and the extracellular matrix, represent the current 
frontiers of research on immunological factors in cirrhosis.
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